The purpose of this study was to investigate the effect of compensatory hypertrophy (CH), heavy-resistance exercise training (HRET), and simultaneous CH and HRET on fast-twitch skeletal-muscle myofibrillar-protein synthesis, myosin heavy-chain (MHC) turnover rate, and MHC-isoform composition in young and old rats. In young animals all treatments intensified myofibrillar-protein synthesis, whereas in old animals with CH protein synthesis remained unchanged. The relative content of MHC I and IID in plantaris muscle increases with age, and the relative content of MHC IIB decreases. HRET and simultaneous CH and HRET decreased the proportion of MHC IIB and IIA and increased that of MHC IID in young rat muscle. In old rat muscle, relative content of MHC IID decreased and that of MHC IIB increased. CH decreased relative content of MHC IIB in both age groups and of MHC IIA in old animals. Relative content of MHC IID increased in both groups, and of MHC IIA, in young animals. MHC in plantaris of young rats turned over much faster in all types of mechanical loading but in old rats only during HRET and its combination with CH.
important role in controlling the expression of contractile proteins (Caiozzo, Baker, & Baldwin, 1997; Diffee, McCue, LaRossa, Herrick, & Baldwin, 1993) , the influence of the quantity and type of mechanical loading on old muscle is still unknown. It has been suggested that changes in muscle structure, mass, MHC concentration, and its isoform expression induced by a high-resistance weighttraining program are a result of frequency of contraction (Deschenes et al., 2000; Hunter, Newcomer, Larson-Meyer, Bamman, & Weinsier, 2001; Tikunov, Sweeney, & Rome, 2001) . Large contractile forces provide cellular signals that up-regulate the expression of slower myosin isoforms in skeletal muscles (Andersen & Aagaard, 2000; Demirel, Powes, Naito, Huges, & Coombes, 1999; Pette, 2001 ) that are predominantly composed of fast-twitch Type IIB MHC (Caiozzo, Ma, McCue, Herrick, & Baldwin, 1992) . It has been shown that mechanical loading, but not stimulation frequency per se, plays a key role in determining MHC-isoform expression in muscle undergoing resistance training (Caiozzo et al., 1997) . There is no explicit understanding of how the synthesis intensity, MHC-isoform composition, and MHC turnover rate change with age; neither do we know the limits of protein synthesis and adaptive capacity in cases of different mechanical loading factors.
The purpose of the present study was to characterize the age-related responses of skeletal muscle to different modes of mechanical loading. We hypothesized that mechanical loading would have different effects on skeletal-muscle hypertrophy, contractile-protein synthesis, MHC-isoform composition, and MHC turnover rate in young and old rats.
Methods

SUBJECTS
The animals studied were young adult (12 weeks old, n = 16) and old (80 weeks old, n = 16) male rats of the Wistar strain (National Laboratory Animal Centre, Kuopio, Finland) . All the animals were housed in identical environmental conditions in polycarbonate Type III cages at 21 °C, two per cage at 12/12 hr light/dark periods (lights on at 8:00 am). They received a standard diet (SDS-RM1© 3/8, Witham, Essex, England) and water ad libitum.
PROCEDURE
Mechanical Loading. The effect of mechanical loading on skeletal muscle was induced by heavy-resistance exercise on a vertical treadmill (Pehme & Seene, 1996) by either the surgical tenotomy of a synergist or the combination of synergistic tenotomy and heavy-resistance exercise.
Surgical Procedure. The animals were anesthetized by intraperitoneal injection of ketamin (Calypsol, Gedeon Richter A.O., Budapest, Hungary) and diazepam (Lab. Renaudin, France). Unilateral CH was induced in the plantaris of the right leg by tenotomy of the gastrocnemius (Hanzlikova, Mackova, & Hnik, 1975) .
Mechanical Loading. After surgery, the rats were returned to their cages and randomly divided into nontraining young (n = 8) and old (n = 8) and training young (n = 10) and old (n = 10) groups. The nontraining animals remained in their cages for 30 days for the evolution of CH, and the training animals started to adapt to the vertical treadmill after a 5-day recovery period before commencing the exercise program (Pehme & Seene, 1996) . The time period for the evolution of CH was selected on the basis of early reports (Gollnick, Timson, Moore, & Riedy, 1981; Ianuzzo & Chen, 1979) . The HRET program started on the ninth day after surgery, and the training period lasted for 22 days, including 19 and 16 training sessions per period, in young and old animals, respectively. Animals were exercised on a vertical treadmill at the speed of 18 m/min at an 80° angle for a distance of 1.5 m during 5 s for 6 and 5 days a week, in young and old animals, respectively. HRET consisted of two to five runs a session, with a recovery time of 2 min between runs. The animals carried progressively heavier weights, which were secured on their tails with a special belt and elastic tape. The total work and power of exercise were calculated as has been described earlier (Pehme & Seene) . The left-leg plantaris was used for control or HRET, the right-leg plantaris was used for CH or CH plus HRET for nontraining and training animals, respectively, and the corresponding groups were set up.
Heavy-Resistance Exercise-Training Program. During the training period the rats carried extra weights on the vertical treadmill. In the young animals, the extra weight during the first week of exercise was 85 g, constituting 25% of their body weight (b.w.). During the second week of exercise the extra weight was 100 g (28% of b.w.), and it was 200 g (56% of b.w.) during the last week. The total work during this period was 510 J, and the total energy expenditure, 122 cal in the young animals.
In the old animals the extra weight during the first week of exercise was 100 g (20% of b.w.), which was increased weekly by 50 g up to the maximum of 200 g (40% of b.w.) during the last week. The total work during this period was 600 J. The total energy expenditure during the exercise period in the old animals was 144 cal. Eighty percent of the HRET rats (8 of 10) finished the training program in both age groups. Differences in the training parameters between young and old animals (initial load, exercise days in week, total work) were caused by the different adaptation capacity of the groups, and training protocols were selected on the basis of pilot studies.
Muscle-Sample Preparation. At the end of the CH protocol or 24 hr after the last training session, the animals were anesthetized as described in surgical procedures and sacrificed. The plantaris was quickly removed, trimmed clean of visible fat and connective tissue, weighed, frozen, and stored in liquid nitrogen pending further processing. In order to investigate the specific activity of muscleprotein fractions, the single-isotope method was used. For the administration of labeled amino acid, the large-dose technique was used. L-[4.5 3 H] leucine (170 Ci/ mmol) was infused intraperitoneally, 1.0 ml for 2 hr, 200 µCi per 100 g b.w., before the muscle samples were collected. The incorporated radioactivity was measured in a liquid scintillation counter.
Separation of Total Muscle Cell, Myofibrillar, and Sarcoplasmic Protein
Fractions. The minced muscle samples were homogenized in a buffer containing 50 mM KCl, 10 mM K 2 HPO 4 , 1 mM EGTA, 1 mM MgCl 2 , and 1 mM dithiothreitol at pH 7.0 and analyzed as the total muscle-cell protein fraction. For further purification the homogenates were centrifuged at 1,000 g for 10 min, and the supernatant was taken as a sarcoplasmic fraction. The crude myofibrillar fraction was rehomogenized in the same buffer with 0.1% triton x-100 and centrifuged at 1,000 g for 10 min. The total muscle-cell protein and myofibrils were dissolved in 0.3 M NaOH and analyzed for radioactivity and protein, the ratio of which is the specific activity.
Separation of MHC Protein. Muscle samples of the plantaris (50 mg) were pulverized under liquid nitrogen and homogenized in 5-vol water. The homogenate was mixed with the equal volume of 12% sodium dodecylsulphate (SDS) solution (1:1) to which 2-mercaptoethanol 2% (vol/vol) was added. After incubation for 90 min at 60 ºC with shaking, the mixture was centrifuged for 30 min at 3,000 g to remove the fat and undissolved connective tissue (Schreurs, Boekholt, & Koopmanschap, 1983) .
Ten percent SDS polyacrylamide gel electrophoresis (SDS-PAGE) in tubes was used to separate and purify the total MHC protein (Porzio & Pearson, 1977) . For the separation of proteins, 100 µg in 20 µl protein solution per tube was loaded on the gel (100 ϫ 5 mm), and the entry of the sample into the gel was initiated at 0.5 mA per gel. After the dye had been entered, the current was raised to 2.0 mA per tube, and the gel ran at 32 mA at 60 V for 16 tubes for 4-5 hr at 10 °C. The gels were stained with Coomassie brilliant blue R-250, and protein samples were identified densitometrically by electrophoretic band mobility (Weber & Osborn, 1969) . The identified protein bands were sliced and dissolved in 25% pyridine solution. The eluted dye was analyzed for absorbance at 605 nm. The amount of protein was determined by quantitating the extracted Coomassie brilliant blue. Dye-binding capacity of individual purified proteins was determined as the total absorbance per mg of protein (Fenner, Traut, Mason, & Wikman-Coffelt, 1975; Murakami & Uchida, 1985) .
For liberation, the total amount of protein from gel, hydrogen peroxide was added and the specific protein fraction was analyzed for radioactivity and protein.
Recovery and Hydrolysis of MHC Protein for Amino-Acid Analysis. The MHC protein was electroeluated from 10% SDS-PAGE according to the method of Hunkapiller, Lujan, Ostrander, and Hood (1983) . After staining with Coomassie brilliant blue R-250 and detection on 10% SDS-PAGE, the protein band was sliced and minced with a razor blade and rinsed with water. After soaking the gel in eluation buffer (0.1% SDS in 0.05 M TRIS-acetate, pH 7.8) for 5 min and in soaking buffer (2% SDS 0.4 M NH 4 HCO 3 ) for 1.0 hr, the electroeluation was continued in the dialyzing bag by using horizontal electrophoresis (Gel Electrophoresis Apparatus GNA-100, Pharmacia, Sweden). The running conditions for the elution cell were power supply 70 V (constant voltage) and current 7 mA for 1.5 hr. After eluation the samples were collected (1,000 µl) and the gel pieces removed by centrifugation (14,000 g). Residual SDS was removed by dialysis in 1.0 ml dialysis buffer (0.02% SDS in 0.01 M NH 4 HCO 3 ) and rinsing the samples twice with 1.0 ml deionized water by centrifugation in a microcentrifuge tube (10,000 D). MHC protein was washed from the filter with 800 µl deionized water.
Eluent fractions containing MHC protein (200 µl) were evaporated with a nitrogen stream, and protein-bound amino acids from 10 µg samples were liberated by hydrolyzation at 110 °C for 18 hr in 200 µl 6 N HCl in nitrogen area. HCl was evaporated with nitrogen.
The leucine quantity in MHC hydrolysate was determined by using an ultrarapid and -sensitive HPLC method for measuring individual free amino acids in biological fluids by Graser, Godel, Albers, Földi, and Fürst (1985) by employing precolumn derivatization with o-phthaldialdehyde/3-mercaptopropionic acid and using 3-µm-particle-size reversed-phase columns (Hyperchrome, Spherisorb ODS II, 3 µm, 125 ϫ 4.6 mm with guard columns 10 ϫ 4.6 mm, 5µm; Leonberg, Germany). Resolution of the amino-acid derivatives was accomplished with an acetonitrile gradient in 12.5 mM sodium phosphate buffer, pH 7.2 (Graser et al.) . The MHC protein fraction was analyzed for radioactivity and protein, as well as amino-acid leucine.
Separation of MHC Isoforms. Muscle pieces (20 mg) were pulverized under liquid nitrogen, and crude extracts of myofibrillar proteins were prepared by homogenizing the muscle powder 1:7 (wt/vol) in a buffer containing 0.3 M KCl, 0.1 M KH 2 PO 4 , 50 mM K 2 HPO 4 , and 10 mM ethylendiaminetetraacetic acid, pH 6.5. After extracting for 15 min at 0 °C, the homogenate was centrifuged at 11,000 g for 10 min. The supernatant fraction was diluted 1:1 (vol/vol) with glycerol and stored at -20 °C (Bär & Pette, 1988) . Protein concentration was measured by the method of Lowry, Rosenbrough, Farr, and Randall (1951) . Aliquots containing 0.5 µg of protein in 10 µl were loaded on the gel after being incubated for 10 min at 65 °C in lysis buffer containing 10% (vol/vol) glycerol, 5% (vol/vol) 2-mercaptoethanol, 2.3% SDS, 0.05% bromphenol blue, and 60 mM TRIS-HCl, pH 6.8 (Bär & Pette) . MHC isoforms were separated by 5-8% SDS-PAGE (Bär & Pette) using 1.0-mmthick gel (Sugiura & Murakami, 1990) . Electrophoresis lasted for 24 hr at 120 V. Gels were silver stained by the method of Oakley (Oakley, Kirsch, & Morris, 1980) . Myosin preparations from the soleus and extensor digitorum longus of 8-week-old Wistar rats (Järva, Alev, & Seene, 1997) and immunoblotting analysis were used to identify different MHC isoforms. Protein isoform bands were analyzed densitometrically by Image Master® 1D program, version 3.0 (Amersham Pharmacia Biotech), and the percentage distribution of the MHC isoforms was evaluated.
Immunoblotting. MHC isoforms were identified by immunodetection by Western blotting protocol. The 8% SDS-PAGE gels, by the method of Talmadge and Roy (1993) , with 0.15 µg myofibrillar protein per lane, were used to separate MHC isoforms for immunodetection. Gels were electrophoresed with the minigel apparatus (Bio-Rad) in running buffer (50 mM TRIS, 75 mM glycine) at 70 V for 12 hr. After electrophoresis, MHC protein bands were transferred to polyvinyldene difluoride transfer (PVDFT) membrane (Polyscreen™, Biotechnology Systems, NEN Research Products, Du Pont) in transfer buffer (20% methanol in running buffer with 0.037% SDS) for 3 hr at 44 V, 380 mA, using platinum-coated plate electrodes (Trans Blot Cell, Bio-Rad) at 5 °C. Blots were blocked for 1 hr at a room temperature on an orbital shaker with 3% bovine serum albumin (BSA) in phosphatebuffered saline-TWEEN-20 (PBS-T-20) consisting of 20 mM NaH 2 PO 4 · H 2 O, 80 mM Na 2 HPO 4 , 100 mM NaCl, and 0.1% TWEEN-20. After being rinsed and washed (2 ϫ 5 min and 1 ϫ 15 min) with PBS-T-20, the blots were incubated for 45 min at 22 °C with diluted monoclonal antibody (6 µl per 3 ml 10% BSA in PBS-T-20) recognizing skeletal slow-type MHC isoforms (Clone WB MHCs) and fasttype MHC isoforms (Clone WB MHCf) purchased from Novocastra Laboratories (Newcastle Upon Tyne, UK).
After being washed with PBS-T-20 (2 ϫ 25 min) the blots were incubated for 45 min at 22 °C with biotinylated secondary antibody (antimouse immunoglobulin-G) 0.5 µl per 7 ml, 1% BSA/PBS-T20. The bands were visualized by using enhanced chemiluminescence (ECL) technique according to ECL™ Western blotting protocols (Amersham, Life Science). Before detection of protein bands, the membrane was washed (1 ϫ 15 min and 4 ϫ 5 min) in fresh changes of washing buffer . For the detection of protein bands, membranes were exposed for 1 min to ECL Western blotting detection reagents solution, and a light emission was detected after a short exposure (15 min) to sensitive autoradiography film (Reflection™ NEF-496, NEN Research Products, Du Pont). The most effective exposure time was determined by trial. The same membrane was used twice, first for recognizing slowtype MHC isoform and then after the complete removal of primary and secondary antibodies from membrane by boiling for 2 hr in stripping buffer (100 mM 2-mercaptoethanol, 2% SDS, 62.5 mM TRIS-HCl, pH 6.7) and second for recognizing skeletal fast-type MHC isoforms. The complete-removal procedure removes the antibodies and detection reagents without damaging the proteins. After previous antibodies were removed, blots were blocked and immunodetection was performed. The relative protein content was evaluated densitometrically.
Turnover Rate of MHC. The relative specific activity, which characterizes the turnover rate of MHC protein fraction, was calculated as the ratio of the specific activity of the protein fraction (Sb) to the specific activity of total muscle-cell protein (Sa; Schreurs, Boekholt, Koopmanschap, & van Rotterdam, 1985; Schreurs, Boekholt, & Koopmanschap, 1981) and expressed in percentages.
Fractional Synthesis Rate of Muscle Proteins. Fractional synthesis rate of protein (total muscle-cell protein, myofibrillar protein) was expressed as fractional synthesis rate (Sugden & Fuller, 1991) . The fractional rate of protein synthesis (Ks, expressed as the percentage of the protein synthesized per day) in each fraction was then calculated from the following formula: Ks = 100 ϫ Sb/Sa ϫ t, where Sa and Sb are the specific radioactivities of total muscle-cell protein and protein-bound leucine and t is the incorporation time in days.
Statistical Analysis
Standard statistical methods were used to calculate means, standard errors, and Pearson product-moment correlation coefficients. The data were then analyzed using analysis of variance (ANOVA). The p < .05 criterion was used to establish statistical significance.
Results
30 days after tenotomy of the gastrocnemius, the body mass of the rats did not change (Table 1 ). The mass of plantaris had increased in young rats (by 40% ± 8%) and in old rats (24.8% ± 5.4%; Table 2 and Figure 1 ). One month after HRET the mass of plantaris in young and old rats had increased, 10% ± 4% and 18% ± 5%, respectively. The effect of CH simultaneously with CH and HRET increased the mass of plantaris more than CH did. The ratio of total work to power was maintained at the same level in old and young rats during the training period. The total work during HRET increased by 17.6% ± 3% in old animals in comparison with the young HRET group because of the higher b.w. of the old animals.
Fractional synthesis rate of myofibrillar proteins in plantaris was significantly more intensive in young rats than in old rats (Figure 2 ). Simultaneous CH and HRET influenced the fractional synthesis rate in plantaris in both age groups, and HRET, only in old rats in comparison with subsequent controls (Figure 2) . The fractional synthesis rate of total muscle protein in plantaris of young rats was 5.1% ± 0.1% per day and of old rats, 3.8% ± 0.06% per day. Note. Before = body weight before the heavy-resistance exercise-training program or before the evolution of compensatory hypertrophy; after = body weight after the heavy-resistance exercise-training program or after the evolution of compensatory hypertrophy; training = animals that after surgery started with heavy-resistance exercise training after a 5-day recovery period; nontraining = animals that after surgery remained in their cages for 30 days for the evolution of compensatory hypertrophy. There was a significant difference in the composition of MHC isoforms between young and old rats (Figures 3 and 4) , mainly related to the proportion of MHC I (Figure 3[a] ). Relative content of MHC I isoform in plantaris muscle depends on body mass (r = .85) only in old controls. Relative content of MHC I isoform increased during all modes of mechanical loading in young and old animals, but in comparison with the subsequent control groups there was a more significant increase of MHC I isoform in young animals ( Figure 3[a] ). As shown in Figure 3(b) , the relative content of MHC IIB isoforms was significantly higher in young sedentary rats than in old ones. CH decreased the content of MHC IIB isoform in both young and old groups in comparison with the subsequent control groups. In young CH animals the relative content of MHC IIB isoform decreased approximately three times. In old animals the decrease was much smaller at the same time ( Figure 3[b] ). In young HRET and simultaneous CH plus HRET animals, the relative content of MHC IIB isoform decreased significantly (Figure 3[b] ). In old HRET and simultaneous CH plus HRET animals, the relative content of MHC IIB isoform increased significantly (Figure 3[b] ).
As shown in Figure 3 (c), relative content of MHC IID isoform in the control group significantly increased with age. In young animals the relative content of MHC IID isoform significantly increased with CH, HRET, and simultaneous CH and HRET. In old animals the relative content of MHC IID isoform significantly decreased with HRET and simultaneous CH and HRET. Despite these differences between young and old animals, the relative content of MHC IID isoform significantly increased with CH in both age groups, and CH had a considerably stronger effect on the MHC IID content in old animals ( Figure 3[c] ). No significant difference in relative content of MHC IIA isoform was noted between young and old rats (Figure 3[d] ). During the HRET and simultaneous CH with HRET, the relative content of MHC IIA isoforms in young rat plantaris decreased. In old rats, no changes were noted with HRET or simultaneous CH and HRET in relative content of MHC IIA isoform (Figure 3[d] ). The relative content of MHC IIA with CH in young animals significantly increased and in old animals, decreased ( Figure  3[d] ). MHC in plantaris of young rats turned over faster than in old ones ( Figure 5 ). Despite this significant difference between the two age groups, the MHC turns over faster in young and old groups during HRET and during CH combined with HRET ( Figure 5 ). With CH, MHC turns over significantly faster only in young animals. The biggest difference between young and old rats' MHC turnover was found during CH, with which the young rats' MHC turned over approximately twice as fast as in old rats.
Discussion
It is generally accepted that long-lasting endurance training alters muscle-fiber-type distribution, particularly in fast-twitch subtypes (Pette & Vrbova, 1985) . There are no definitive conclusions concerning the effect of strength training (Hather, Tesch, Buchnan, & Dudley, 1991; Hudlicka, 1990; Staron et al., 1991; Yarasheski, Lemon, & Gilloteaux, 1990) . Strength-training-induced changes at the muscle-fiber level have been related mostly to hypertrophy in different types of muscle fibers (Komi, 1986; Mastropaolo, 1992; McDonagh & Davies, 1984; Tesch, Colliander, & Kaiser, 1986) . It has been shown that resistance training causes decreases in Type IIB fibers and increases in IIA fibers in skeletal muscle (Andersen & Aagaard, 2000; Hather, Mason, & Dudley, 1991; Hather, Tesch, et al.; Staron et al., 1991) . MHCisoform composition during resistance training in humans (Adams et al., 1993) and in animals (Caiozzo et al., 1992) has also shown a decrease in IIB isoforms in animals and IID isoforms in humans. It has been shown that MHC IIA isoforms increase, but MHC I isoform composition does not change during resistance training in humans (Adams et al.; Andersen & Aagaard) . In our experiment, HRET caused a decrease of MHC IIB isoform in fast-twitch skeletal muscle of young rats, but contrary to earlier results (Adams et al.; Caiozzo et al., 1997) , MHC I isoform increased in young and old rats similarly in all types of mechanical loading. The MHC IID isoform in young rats increased with high-resistance training (Caiozzo et al., 1997) . The more intensive expression of MHC I isoform resulted in increased isometric activity (Diffee et al., 1993) , which is an integral component of extra weight bearing and postural control associated with HRET on a vertical treadmill. The changes in MHC IIB and MHC IID isoforms' expression in young animals might have resulted from altered pretranslational mechanisms, because the resistance-training program produced a rapid elevation in the fast Type MHC IID mRNA isoform and a corresponding repression of the fast Type IIB MHC mRNA isoform (Caiozzo, Haddad, Baker, & Baldwin, 1996) .
We found that the proportions of MHC I and MHC IID isoforms were significantly higher in old sedentary rats than in young ones and that MHC IIB isoform proportion is significantly higher in plantaris in young rats than in old ones. Our results demonstrating the age-related increase in the amount of MHC IID in the fast-twitch plantaris muscle conform to the findings of Sugiura, Matoba, Miyata, Kawai, and Murakami (1992) . In comparison with the control groups, all types of mechanical loading-CH, HRET, and CH plus HRET-significantly increased MHC I and MHC IID isoform proportion in young rats. HRET decreased the proportions of MHC IIB and MHC IIA in young and the proportions of MHC IID in old rats. CH decreased the proportion of MHC IIB in young and old and of MHC IIA in old animals' muscle.
On the basis of CH in plantaris, it seems that skeletal muscles of young rats are more sensitive to continuous mechanical loading induced by gastrocnemius tenotomy. This might be caused by a more intensive muscle-protein synthesis rate in young animals (Garlick, Maltin, Baillie, Delday, & Grubb, 1989; Hasten et al., 2000) . These findings are consistent with an earlier study in humans (Yarasheski, Zachwieja, & Bier, 1993) in which muscle-protein synthesis rate in young and elderly skeletal muscle was very sensitive to a high-resistance exercise-induced stimulus (Trappe et al., 2002) . Although the cited authors examined synthesis in total muscle protein, our study indicates that the same principle is applicable in myofibrillar-protein synthesis. HRET increased the mass of plantaris, as well as the fractional synthesis rate of contractile and regulatory proteins, in old rats and in conjunction with CH. The MHC of young and old rats' skeletal muscle turned over much faster after HRET, probably because of the increase in the proportion MHC I and IID isoforms and the decrease in the MHC IIB isoforms. It has been shown in our previous articles that MHC turned over faster in Types I and IIA muscle fibers than in IIB fibers (Seene & Alev, 1991) , and the turnover rate of skeletal-muscle MHC depends on the functional activity of the muscle (Seene, Alev, & Pehme, 1986) . The turnover rate of MHC in skeletal muscle seems to be related to changes in the MHC-isoform composition. Faster MHC turnover rate in young rats' skeletal muscle is linked to the more intensive fractional synthesis rate of myofibrillar proteins. HRET is a strong stimulus for skeletal-muscle MHC metabolism in young and old rats. The HRET significantly increased the fractional synthesis rate of myofibrillar proteins in old rats' fast-twitch skeletal muscle. MHC in plantaris of young rats turned over faster in all the types of mechanical loading and in old rats during HRET and CH plus HRET. The slowing of turnover rate by approximately 30% with age is caused by both the age-related slowing of protein synthesis and the intensifying of protein degradation. The same principle applies to the MHC turnover-rate changes in the case of mechanical influences. Although mechanical influences change the turnover rate in both age groups, the turnover-rate change in old age is smaller than in young animals. One reason for this is the age-related decrease in the number of ribosomes and the increase in the number of lysosomes in muscle cells (Lewis et al., 1984) . It is not correct to assume that the MHC turnover rate depends on the relative concentration of Types I and IIA MHC isoform in the muscle, because the relative content does not reflect the absolute content of the corresponding isoforms. Moreover, the MHC isoform content might not only be directly connected with the fiber composition of muscle but also depend on the polymorphism of muscle cell. This has been shown by studies that found a substantial increase in the MHC IID isoforms in skeletal muscle. Single-fiber analyses demonstrated that many fast Type 2B fibers contained small amounts of the fast Type IID MHC isoforms. Although HRET altered the bias of fast Type IIB and IID MHC-isoform distribution in IIB fibers, HRET did not increase the number of fibers that could be categorized as exclusively fast Type 2D fibers.
In conclusion, fractional synthesis rate of myofibrillar proteins, relative content of MHC isoforms, and MHC turnover rate are both age specific and mechanical-load specific. The relative content of MHC I and IID increased with age, and MHC IIB decreased. Heavy-resistance training decreased the relative content of MHC IID in old rats' muscle. Compensatory hypertrophy decreased relative content of MHC IIB and IIA isoform in old animals' muscle. Simultaneous compensatory hypertrophy and heavy-resistance training increased the proportion of MHC IIB and decreased MHC IID in old animals' muscle. Heavy-resistance training also prevents the age-related decrease of relative content of MHC IIB isoform in plantaris muscle.
